The objective of this study is to examine the spillover effects of chronic diseases experienced by spouses on their wives or husbands' labour supply. Using data from 2010 and 2012 of the China Family Panel Studies (CFPS), this study employed a difference-in-difference (DD) strategy to investigate the average treatment effect of affected adults on their spouses' working hours. The results show that, after their spouses were diagnosed with chronic diseases, the average weekly working hours of wives and husbands would be significantly reduced by 3.7-4.2 h and 3.8-4.4 h, respectively. Specially, the average weekly hours of full-time work would be reduced by 2.1-3.3 h for wives and 3.6-3.8 h for husbands. The effect was stronger for those married couples with lower socioeconomic status (SES), such as low-level education, family asset, non-labour income, while the effect was insignificant for high-level SES households. Therefore, as a result of the adverse spillover effects on household labour supply, chronic diseases could cause a greater loss of labour force productivity. Additionally, households in low levels of SES may suffer more losses from reduced labour supply when spousal chronic diseases take place.
Introduction
With the development of industrialisation and modernisation, China has been experiencing an epidemiological transition in disease patterns from acute infectious diseases to chronic diseases, such as stroke, heart disease and chronic pulmonary disease [1] . The increasing prevalence of chronic diseases could induce a substantial national economic burden by increasing the mortality rate and reducing labour productivity of a large number of working-age individuals. A recent study estimated the "cost-of-illness" of China and found that the five major chronic diseases (cardiovascular disease, cancer, chronic respiratory disease, diabetes, and mental health) would have a total of 23.03 trillion USD economic costs to the country in 2012-2030 [2] . While the majority of the evidence has been found that an individual's chronic diseases are associated with a significant reduction in their labour market performances [3] [4] [5] [6] , few studies concerned whether the chronic diseases experienced by spouses have a similar detrimental effect on their partners' labour supply.
China is an interesting case for two reasons. First, medical care resources in China are unequally distributed among different institutional settings. Due to low level of professional ability and equipment in primary care institutions, most medical service for patients with chronic conditions comes from hospitals rather than primary healthcare institutions such as community health centres, township health centres, and village clinics [7] . The over-dependence on hospital care leads to long waiting times for patients and their partners. Additionally, although 95% of Chinese population was covered by health insurance in 2011, the reimbursement rate of inpatient care is limited, and the financial risk remains high in the context of universal health insurance coverage [8] . Second, unpaid care work is an important component of Chinese people's time allocation in labour patterns. According to data from the 2008 China Time Use Survey, the average value of time spent on unpaid care work was 10.6 h per week for males and 27.3 h per week for females, which accounted for 20.2% of total work time for males and 47.1% for females, respectively. Moreover, the estimated monetary value of unpaid care work varies from 25-32% of China's GDP, from 52-66% of final consumption, and from 63-80% of the gross products of tertiary industry [9] .
Since social security systems are not well-functioning and home health services are underdeveloped, households in China are more likely to rely on family members' informal nursing care to cope with health shocks such as chronic diseases. This coping strategy might be another potential economic burden caused by the indirect cost from spillover effects of spousal chronic diseases, which has been largely neglected in previous studies when implementing a cost-benefit evaluation. In this respect, understanding the association between spousal chronic diseases and their partners' labour supply, particularly for a typical example of a middle-income country like China, is of great importance.
However, an individual's labour supply response to chronic diseases from their spouse is theoretically ambiguous. The overall effects can be divided into two aspects: income effect and time effect. On the one hand, the loss of income results from spouses' labour supply, which is due to health shocks, may lower the unaffected partners' marginal value of time spent on housework. As such, unaffected husbands or wives would subsequently increase their labour supply to obtain sufficient earnings to compensate for the detrimental financial effects of spousal chronic diseases. On the other hand, if those spouses who have chronic diseases need nursing care, then their partners would tend to spend more time on the assistance of housework and healthcare for the affected spouses. As a result, those unaffected husbands or wives would reduce their working time on the labour market.
Besides, these competing effects may vary by different socioeconomic status (SES). For low SES households, income effect would dominate that lead one to increase labour supply in response to spousal chronic diseases. Because couples with low SES are more likely to be liquidity constrained if they have no access to the social security benefits to smooth consumption. However, people live in low SES households are usually more emotionally vulnerable to be affected by health shocks or undesirable stressful events, for the reason that fewer resources and lacking available coping strategies for them [10] . In this situation, the time effect might be stronger, and thus, an individual would prefer to reduce their hours of work to spend more time on household production for spousal health. Households with high SES, on the other hand, are less likely to change their labour supply decisions when facing a health shock. Because high SES households usually have sufficient resources to afford the expenditure of health insurance, medical care and superior health services, which could contribute to protecting households from the adverse impacts of chronic diseases.
Using data from two waves (2010 and 2012) of the China Family Panel Studies (CFPS), this study employs a difference-in-difference (DD) strategy to investigate the labour supply effects of spouses with chronic diseases on their wives or husbands. Weekly hours of work and weekly hours of full-time employment are the two indicators used to measure the labour supply outcomes in both cases of wives and husbands who are in their working-age (25-64 years old) and employed with a payment. Moreover, we implement several robustness checks and analyse the heterogeneity of the effects by SES to ensure the validity of our results and better understand the spousal spillovers in a family.
Our empirical findings, which are robust to several specification checks, indicate that after spouses diagnosed with chronic diseases, the average weekly working hours of wives and husbands are significantly decreased by 3.7-4.2 h and 3.8-4.4 h, respectively. Furthermore, the average weekly hours of full-time work are reduced by 2.1-3.3 h for wives and 3.6-3.8 h for husbands. The results suggest that the adverse spillover effects on household labour supply would take place when spouses have chronic diseases, which could cause a more significant loss of intensive margin in labour force productivity for national economic growth. Moreover, these detrimental effects are stronger for couples with low SES such as low-level educational attainment, family asset, and non-labour income. However, the results do not appear to be significantly different from zero in terms of high SES households, indicating that high-level SES could alleviate the adverse impacts of chronic diseases on labour supply reduction.
The remainder of the paper is as follows. Section 2 reviews the theory and related literature. Section 3 discusses the data and the empirical method used in this study. Section 4 presents the empirical results, including the main results, differences by SES and robustness checks. Section 5 contains discussion, and a conclusion follows in Section 6.
Theories and Literature Review

Added Worker Effect (AWE)
The added worker effect (AWE) theory, which was put forward by Lundberg (1985) [11] , hypothesises a temporary increase in the labour supply of wives when his husbands are unemployed. In subsequent research, Charles (1999), Coile (2004) and Garcia-Gomez et al. (2013) argued that, when the leisure time is a normal good, an AWE may also happen to wives' labour supply response to their husbands' health problem [12] [13] [14] . The income effect of the losses in earnings, which is induced by the poor health of the primary breadwinner, could motivate females to work longer hours. This effect would be stronger if there is no social security or health insurance to deal with such a health shock from their spouses to mitigate the households' liquidity constraints.
Using the Health and Retirement Study (HRS), several studies have examined the AWE of spousal health shocks on men and women's labour market outcomes. Charles (1999) used an instrumental variable approach and found that married women whose husbands are in ill health would significantly increase the annual hours of work, but husbands have a substantial reduction on labour supply in response to their partners' poor health [12] . Coile (2004) estimated the effects of spousal health shocks on their partners' labour supply by using six waves of a longitudinal study of the HRS. The results showed that AWE is modest for men's labour supply and there is no such effect for women [13] . Van Houtven and Coe (2010) constructed a combined sample from the HRS and Social Security Administration (SSA) to examine the impacts of spousal health shocks such as chronic conditions, functional limitations, injury and pain on married individuals' labour decisions [15] . Their estimates showed that a new functional deficiency experienced by wives would reduce over half an hour of work on husbands' weekly supply, but the husbands' health shocks did not significantly affect a married women's working hours in a typical week.
In essence, the AWE reflects the reallocation of intra-household time resources, which have been examined by Johnson et al. (1975) , Parsons (1977) and Berger (1983) [16] [17] [18] . They showed similar results that, when the husbands' health deteriorates, wives' decisions on time allocation between labour market and family would presumably depend on the relative wage rates of husbands and wives and the marginal utility of health care time for the affected husbands. However, the empirical evidence is mixed on the wives' labour response to their husbands' health shocks. For example, Johnson et al. (1975) demonstrated that few wives went to work or increased their earnings to compensate for husbands' disability in the U.S., while Hara (2004) found an increase of 8% in the wife's labour force participation in response to the husbands' poor health [19] . In contrast, the results of Hollenbeak et al. (2011) indicated that both wives and husbands of cancer survivors had a significantly higher probability of employment and longer usual weekly hours than their peers [20] .
Household Production
In the theory of household production, households are considered to be the producers as well as consumers. Family members combine goods purchased on the market with time inputs to produce commodities, which are the arguments of the utility function while market goods and time are not the desires of households' own sake but for the inputs of commodities production [21, 22] . Based on the household production framework, Grossman (1972) constructed a health production model, in which good health is viewed as the commodity produced by the inputs of consumer's own time and medical care [23] . Berger (1983) developed a model of the labour supply process in a two-person family and hypothesised that, when spouses had a health problem, the hours of work for unaffected spouses were expected to decrease since the husbands or wives may spend more time on doing housework or nursing care for their affected partners at the expense of labour supply [18] . In another extension of the Grossman health production model, wives and husbands are both regarded as the health producer for each other, given that married couples have a common preference for health production. Meanwhile, they are also the Nash-bargainers, who consider strategically both in the production of their own health and spousal health [24] [25] [26] . Additionally, the idea of household production was also introduced in a collective labour supply model for a couple's family, in which individuals would achieve Pareto-efficient allocation of resources for consumption and labour supply by a so-called sharing rule if spousal preferences are egoistic or altruistic [27] [28] [29] .
Empirically, using a cross-sectional sample of individuals aged 35-64, Berger (1983) found that, after controlling for non-labour income, husbands tended to reduce labour force participation likelihood and annual working hours when their wives sufferer from a deterioration in health, which also caused a significant increase of husbands' time spent on household production [18] . This result was consistent with the theoretical expectation of household production for health investment that the need for nursing care for the spouses, whose health deteriorates, would reduce an individual's labour supply. In the study of Berger (1983) , however, there was no evidence showing that spousal health problem has a negative effect on wives' labour supply [18] . Instead, married women were more likely to participate in labour market and increase hours of work due to a deterioration in husbands' health. Similar results were found in the studies of Charles (1999) and Garcia-Gomez et al. (2013), who provided an explanation for this asymmetric effect by gender [12, 14] . That is, in a household production model, husbands are assumed to be the primary income earner, while wives are mainly responsible for household work. Thus, spousal health shocks will create either a greater effect of household production by reducing husbands' working hours or a stronger income effect by increasing wives' labour supply.
Data and Methods
Data
The dataset used in this study is the China Family Panel Studies (CFPS), which is a nationally representative and a longitudinal survey conducted by the Institute of Social Science Survey (ISSS) of Peking University starting in 2010. A multi-stage probability proportional to size (PPS) strategy with implicit stratification was performed in the sampling process. The sampling approach comprises three stages: county level as the primary sampling unit (PSU), a community or village for the second-stage sampling unit and the final sampling unit was household [30] . The CFPS survey consists of a rich set of socio-economics questions and information on the levels of child, adult, family, and community. Main variables used in our study are from adult questionnaires, which gather detailed individual information on demographic characteristics, labour supply, disease history, as well as a series of health-related questions such as health status, health care and service, health activities and behaviours. The information is collected and tracked from the face to face or telephone interviews for the age of 18 or above. CFPS was undertaken according to the guidelines laid down in the Declaration of Helsinki and all participants signed an informed consent form. Human participants were approved by the Peking University Biomedical Ethics Committee (IRB00001052-14013-exemption).
To obtain tracked information regarding chronic disease, employment, relevant demographic and socioeconomic characteristics, we construct a two-wave balanced panel data by merging the baseline survey data in 2010 with a follow-up survey in 2012 from the adult and family dataset of CFPS. We restrict our sample to the individuals who are aged 25-64 and work on an active job both in the baseline and the follow-up survey. We also limit our sample to respondents who were married continuously during the period from 2010-2012. The code of spouse in CFPS is used to identify a respondent's partner in this study. Finally, the sample in this study consists of 848 women and 1608 men in each wave of the survey.
Measures
Spousal Chronic Disease
The CFPS asks respondents to report their chronic disease status, based on the question "have you been diagnosed with any chronic disease over the past six months?" in each wave of the survey. To construct treatment (chronic disease) and control group for spousal disease status in a difference-in-difference approach, spouses who do not have any diagnosed chronic disease in the baseline survey but report a diagnosis of chronic disease at follow-up are selected into a treatment group, which is coded 1. The control group consists of all spouses who do not report any diagnosed chronic disease for the CFPS survey in the baseline and the follow-up, which is coded 0. As a result, the number of cases in the treatment group is 242, in which 76 are women, and 166 are men. Control group has 2214 observations, including 772 women and 1442 men.
Labour Supply
This study measures the labour supply by the weekly hours of work, which are widely used in many studies to examine the health-labour relationship [31] [32] [33] . In the CFPS data, however, there is no specific question to reflect a respondent's weekly hours directly. Therefore, we generate the outcome variable by combining two related questions. They are "How many days in a typical month on average did you work for an employed job in the last year?" and "How many hours in a typical day on average did you work for an employed job in the last year?" Using the answers to the above two questions, we first calculate the monthly hours of work through the multiplication of hours of work per day and days of work per month. Next, we obtain weekly hours of work by dividing the monthly hours of work by 4.33 weeks in a month. To test the sensitivity of the association between individual working hours and spousal chronic disease, we also consider an additional outcome measure. That is the weekly hours of full-time work, in which a respondent was employed outside the home and worked at least 35 or more hours per week in the last year.(We divide the sample into females (wives) and males (husbands), therefore, it is no longer needed to control for gender.)
Covariates
In the difference-in-difference (DD) regressions, we further control for individual, spousal, household, and regional characteristics to better reduce estimation bias. First, individual characteristics include age, education, occupation (we divide the sample into females (wives) and males (husbands), therefore, it is no longer needed to control for gender). Among them, age is a continuous variable and three dummy variables (i.e., less than high school, high school, and college or higher) are used to capture the nonlinear effect of education on labour supply. Occupations are also measured by a set of dummy variables, including management or professional (Yes = 1), sales or office (Yes = 1), and farming, construction or others (Yes = 1). Second, spousal health characteristics include whether spouses have been taken cared for by the partner when they are in ill health (Yes = 1), days of hospitalisation in the last year, spousal self-rated health status (poor = 1) and relative health status compared to the health status in the last year (poorer = 1), overweight (Yes = 1) and obesity (Yes = 1) (weight and height are used to calculate the Body Mass Index (BMI), which is based on the equation BMI = weight (kg)/height 2 (m 2 )). According to the BMI classification for adults, we define an overweight variable as a dummy variable, which equals one if 30 > BMI ≥ 25.0 kg/m 2 , and an obese variable as a dummy variable, which is coded one if BMI ≥ 30.0 kg/m 2 ). Third, family characteristics include family assets, non-labour income, family size and the number of children. Among them, family assets and non-labour income are divided into four categories (three dummies) by the quartile scores of their distributions. The number of family members measures the family size and the number of children is the number of children who are aged six or below and live together with parents. Fourth, the differences between rural and urban are captured by a dummy variable that equals one if respondents live in urban areas (urban = 1). Additionally, regional dummies, including east (Yes = 1), northeast (Yes = 1), middle (Yes = 1) and west (Yes = 1) are included in all regressions.
Methods
We seek to estimate the average treatment effect on the treated (ATT), which is a causal impact parameter to compare the difference between an individual's expected labour supply in the case of spousal chronic diseases and the expected labour supply if their spouse had not been diagnosed with a chronic disease. The ATT can be written as:
where T denotes the treatment status that indicates whether a spouse has a diagnosis of chronic disease; Y 1 is the labour supply of wives or husbands when their spouses are diagnosed with chronic disease; Y 0 is the labour supply of those with unaffected spouses. However, the expected labour supply E(Y 0 T = 1) is not possible to measure since it is usually unobservable in reality. To address this problem, an alternative expected outcome from the control group E(Y 0 T = 0) is selected to add and subtract on the right-hand side of Equation (1), the results of which are as follows:
The selection bias would arise if the expected labour supply of the unaffected spouse groups do not equal to an individual's labour supply response if their partner had not suffered from chronic diseases, namely, the assumption of E(Y 0 T = 0) E(Y 0 T = 1) fails to hold [34] . Randomised controlled trial (RCT) design is an ideal method to eliminate this bias. However, it is not feasible in our study because treatment and control groups are not fully randomly assigned in the CFPS. Instead, spousal chronic diseases (treatment) seem to be a naturally occurring or unplanned event that happens to be an exogenous health shock to the labour supply response of their partners. Thus, we use a difference-in-difference (DD) approach, which is regarded as a quasi-natural experimental method and allows for selection bias on both observed factors and unobserved characteristics that are constant over time [35] . In such a setting, any time-invariant confounders (whether observed or unobserved) that might have a potential impact on labour supply should be eliminated by a DD estimator. The DD estimator can be written as:
where Y T,Post is the labour supply of the treatment group in the second period when the spouse is diagnosed with chronic diseases; Y T,Pre is the outcome of treatment group in the first period when spouse does not suffer from a chronic condition; Y C,Post and Y C,Pre are the outcomes of control group in which spouse has no chronic disease in both two periods. To augment the robustness of the DD estimated results, we use a standard DD linear regression model that allows for several controls of observed characteristics, which is shown as follows:
where i refers to the ith individual, and t refers to the period t. The dependent variable, Y it , includes two indicators for labour supply outcomes, including weekly hours of work and weekly hours of full-time work. Among the independent variables, Treatment is a binary variable that equals one for treatment group and equals zero for the control group. Post is also a binary variable coded one in the post-disease period and coded zero in the period that the spouse does not suffer a chronic condition. The intersection Treatment × Post is the DD term, and its coefficient β 1 is the DD estimator that captures the ATT of spousal chronic disease on their partners' labour supply outcome. X is a vector of variables that may be associated with the dependent variables, including individual characteristics such as age and education, spousal health status, socioeconomic characteristics, and regional dummies.
Since women and men have very different labour and health characteristics, we estimated separate models for wives and husbands. Furthermore, standard errors in all DD regression specifications are adjusted to cluster with the primary sampling unit at the county level. The parallel trend assumption, which assumes that the difference between the treatment group and control group remains unchanged over time when there is in absence of treatment, is critical to guarantee the accuracy of the DD estimates [35] . A common approach to meet this assumption is to compare the time trend of outcomes between the treatment group and control group before the treatment (i.e., spousal chronic disease diagnosis in this study) takes place. However, we cannot observe such time trend because the baseline survey of the CFPS was launched in 2010. In order to address this problem, an alternative approach that combines DD regression and weighting on the propensity score is used to check the robustness of our main results. The main idea of this approach is to generate a control group with balanced covariates with the treatment group to allow for a valid comparison by using propensity scores. Given all observed characteristics, the propensity score is the predicted probability of being in the treatment group through a binary logit or probit model. Then, the conditional distribution of covariates could be balanced given a certain propensity score for individuals in the treatment group and control group [36, 37] . Specifically, we first estimate the propensity score of spousal chronic disease through a binary logit regression model, where we include a series of explanatory variables related to baseline characteristics that are both associated with the likelihood of disease status and the labour supply among spouses' wives or husbands. (Explanatory variables to predict propensity score are spouse demographic (gender, age, education and occupation), spouse health characteristics (whether they have been cared for by a partner when suffering ill health, days of hospitalisation, self-assessment of current and previous health status, and whenther thay are overweight or obese), spouse risky health behaviours (smoking and heavy drinking), health insurance, family assets, non-labour income, family size, number of children in household, urban and region dummies). Using the estimated propensity score, we apply a nonparametric kernel matching estimator (Epanechnikov matching with the bandwidth of 0.06 (to test robustness, we also tried other kernel matching estimators including biweight, Normal and Uniform with different bandwidth such as 0.01 and 0.001. The results appear to be robust and similar in all matching procedure)) to generate comparable treatment and control group with similar observable characteristics. In this case, all individuals are observed within the range of common support, and there should be no statistically significant differences between the matched treatment and control group, which suggest that the balancing properties of propensity score are satisfactory after performing a kernel matching. We then assign a weight for each individual based on the estimated propensity score and treatment status [38] :
where T i is the treatment status of the ith person; P i is the propensity score obtained from logit regression. Individuals in the treatment group (T i = 1) would be assigned the weights that equal to one. For those in the control group (T i = 0), their weights are equal to the odds of the estimated propensity score. After this propensity score weighting procedure, we run a weighted DD regression with the same covariates in the above DD specification to check the validity of the empirical results. Table 1 presents the descriptive statistics (mean) of the main variables used in this study, which are divided by gender and the treatment status of the baseline and the follow-up survey. Moreover, the P-values of the differences between treatment and control groups are also shown in Table 1 . The results show that, in both cases of the baseline and follow-up, the mean age of wives and husbands in the treatment group are significantly larger than those whose partners have never suffered from a chronic disease, while there are no significant differences by treatment status for both cases of wives and husbands in terms of their education levels and occupations.
Results
Descriptive Statistics
Among the variables of spousal health, significant differences between the treatment group and control group in spouses' health status suggest that individuals in spousal chronic disease group have higher rates to have poor health status than the control group. Similar significant differences are found in other health characteristics of spouses at follow-up. For example, compared to control group, those spouses diagnosed with chronic condition have longer average days of hospitalisation (4.75 versus 0.67 for wives and 3.19 versus 0.53 for husbands) and a higher ratio to have worse health status compared to last year (48.7% versus 19.3% for wives and 59.0% versus 24.3% for husbands). Differences of the second quartile and fourth quartile of the family asset between disease and non-disease populations in wives' samples are significant and larger than those in husbands' samples, whereas non-labour income quartile, family size and the number of children do not vary significantly by chronic disease status. For those time-invariant observed characteristics such as urban and region dummies, most of their mean differences are statistically insignificant at baseline and the follow-up.
After excluding those observations that fail to meet the requirement of full-time employment (working time below 35 h per week), the remainder of observations for each wave is 2064 (63 and 658 for wives in the treatment and control group; 140 and 1203 for husbands in the treatment and control group).
In the baseline period, differences of labour supply (weekly hours of work and weekly hours of full-time work) between the treatment and control group for wives and husbands are insignificant, which indicate that an individual's labour supply is initially similar before their spouses suffering from the chronic diseases for both treatment and control group. In contrast, once spouses are diagnosed with chronic disease at follow-up, the average hours of employment per week for wives or husbands in the treatment group appear to be smaller than those in the control group, especially stronger significant differences for husbands. Moreover, there is a noticeable reduction in wives' and husbands' labour force supply for the treatment group in response to adverse conditions experienced by partners at follow-up (1.5-3.5 h for wives and 5.5-7.0 h for husbands). These results suggest that a post-treatment effect on wives or husbands' labour supply might take place when their partners have chronic diseases. Therefore, in the following sections, we implement a DD analysis to examine the change in outcomes before and after treatment groups by comparing the control group. Table 2 reports the results from the standard linear DD estimation of the effects of spousal chronic diseases on weekly hours of work and full-time work. The estimated coefficients of the intersection term Treatment × Post across all regressions are negative and statistically significant, which indicate that spousal chronic diseases have a spillover and detrimental effect on their partners' labour supply in both cases of wives and husbands. In the case of wives, after spouses were diagnosed with chronic disease, the time spent on work is reduced by approximately 3.7 h (2.5 h for a full-time job) per week. For husbands, shown in Column (3) and (4) of Table 2 , the corresponding effect of spousal chronic diseases on weekly working time is a decrease of 3.8 h and 3.6 h for full-time employment. The impact on husbands is partially a result of the impact of post-treatment (after having a chronic disease), which appear to be negative and significant in the estimation results on variable Post. Moreover, none of the point estimates for the treatment status is statistically significant, indicating that little time-invariant differences are found between the treatment and control group across the two periods with controls. As for control variables, age has a negative and significant association with an individual's labour supply. The marginal effects of education indicate that working hours or full-time work per week would be significantly reduced when an individual's levels of education rise. Occupation status is negatively associated with wives' working hours for both cases of sales or office, and management or professional. We find that nursing care for the spouses being in ill health would lower an individual's weekly working hours in terms of full-time employment (2.4 h for wives and 1.5 h for husbands, respectively). The point estimates on spouses who are obese show that their partners reduce labour supply and the magnitudes are more significant and considerable among husbands with the results of an average 3.8-5.8 hours' reduction on weekly working hours. The coefficients on the fourth quartile of family assets are negative and significant, suggesting that people in the wealthiest family tend to have less working time. However, we do not find evidence that family non-labour income has a significant association with individuals' labour supply. Family size has a significant but modest impact on wives' labour supply while the number of children in the household does not significantly affect the decisions of wives and husbands on working hours.
Main Results
Heterogeneity by Socioeconomic Status
The effect of spousal chronic diseases on wives or husbands' labour supply may vary across characteristics of socioeconomic status. Specifically, we divide our sample into two subsamples, namely less than college and college or higher, and then estimate separately with each subsample. In Panel A of Table 3 , the results show that individuals who have an education level less than college are more likely to have less working time (2.9-5.0 h for wives and 4.3-4.6 h for husbands) when their spouses are diagnosed with chronic diseases. For those individuals with college or higher education degree, the coefficients of ATT estimates much smaller and insignificant, implying that wives or husbands do not significantly change their labour supply even if spouses have chronic diseases. Similarly, when we consider the differences between spousal education levels, of which the results are presented in Panel B, the effects of spousal chronic diseases are also negative and significant for those with low-level education (2.7-4.4 h for wives and 4.0-4.3 h for husbands) but insignificant for partners' education with a college degree or higher. Note: All regressions include a constant and control for individual age and occupations, spouse health characteristics (whether have been cared by partner when got ill health, days of hospitalisation, self-assessment of current and previous health status, overweight and obese), family asset, non-labour income, family size, number of children in household, urban and region dummies. Robust standard errors with a cluster at the county level are presented in parenthesis. ***, ** and * indicates significance level at 1%, 5% and 10%, respectively.
Next, we explore the heterogeneity across different levels of family asset and non-labour income by dividing the sample into two subgroups. The low groups are defined as those below the sample median of the family asset or non-labour income while high groups are those above the corresponding median. As shown in Panel A of Table 4 , there is a stronger negative effect on the low group of family asset, where labour supply reduces by 5.5-7.0 h for wives and 4.7-6.2 h for husbands. In contrast, results on coefficients of ATT for wives and husbands in high group asset are insignificant, which suggest that family asset can mitigate the adverse impacts of health shocks from spousal chronic diseases. In terms of non-labour income, the estimates are very similar to the results of family asset differences. As presented in Panel B of Table 4 , when their spouses are diagnosed with chronic diseases, wives with low levels of non-labour income reduce about 5.6 h and 3.4 h for full-time employment, which husbands would decrease by 6.1 and 5.0 h, respectively. However, the labour supply for either wives or husbands with high levels of non-labour income does not have significant responses to their partners' chronic conditions. 
Robustness Checks
We adjust sample, method and variables to check the robustness of this study. First, as the age meet or surpass the retirement age, individuals may reduce their labour supply since they may like to enjoy more leisure time in the company of their spouses if the marginal utility for leisure is higher than that of working on labour market [39, 40] . Therefore, we re-estimate the DD models by restricting the analyses sample to workers aged less than the mandatory retirement ages in China (50 years old for women and 60 years old for men). Panel A of Table 5 presents the estimate for non-retired age sample. The results show that wives significantly decrease their working time by an average of 4.1 h per week and 3.3 h per week for full-time work when their spouses are diagnosed chronic diseases, which is slightly higher than the estimates (3.7 and 2.5 h) for the full sample. In the case of husbands, the results are also very similar to those in the main results, which are shown in Table 2 .
Second, Panel B in Table 5 displays the results of weighted DD regressions. The weights are the estimated propensity scores obtained from a binary logit model for the probability of spousal chronic diseases at follow-up, which is beneficial to balance the treatment and control group. Effects of spousal chronic diseases on wives and husbands' hours of work are still negative and significant. Furthermore, the estimated coefficients of ATT are also close to the main results reported in Table 2 , suggesting that the DD regression results are robust in this study.
Third, we further check the robustness by including several controls such as risky health behaviours and social security benefits that might be potentially correlated with both the vulnerability to chronic diseases and labour market outcomes. Controls for risky health behaviours include cigarette smoking and heavy alcohol drinking (at least three times a week), which are measured by current and previous status, respectively. The dummy variable for current status of smoking (or heavy drinking) equals one if respondents report they smoked (or drank heavily) last month, and zero otherwise. The dummy variable for former status of smoking (or heavy drinking) equals one if respondents report they did not smoke (or drink heavily) last month but have ever smoked (or drunk heavily) in their past lifetime, and zero otherwise. Controls for social security benefits include family transfer payments and whether the spouse has health insurance. Compared to the estimates on previous full specifications, the results of coefficients in Panel C of Table 5 are still negative and significant, and quite similar to other estimates. Overall, our results show that there is little difference between the estimates of robustness checks and the estimates from the main regressions listed in Table 2 . 
Discussion
Theoretically, the response of a partner's own capacity for labour in light of spousal chronic diseases is ambiguous and depends on which of the competing effects (income effect and time effect) dominate the association of this pattern. If the partners' marginal value for household production, such as nursing care, needed by the affected patient is higher than economic compensation for the loss of income, they would spend more time with spouses and thus reduce market hours. Otherwise, they would increase labour supply if their value on household production appears to be lower than the working wages. In our empirical analyses, the spillover effects of spousal chronic diseases are found to be negatively associated with their partners' working hours. Our results are robust to different specifications, which suggest that, in the context of China, the time effect is larger than the income effect and spousal chronic diseases could cause a more significant economic burden on the economic growth of the country.
Similar results are also shown in previous health-labour research of Charles (1999) , Van Houtven and Coe (2010) and Garcia-Gomez et al. (2013) [12, 14, 15] , where men work significantly less in response to the health shocks from their spouses, while there is little change in terms of women's labour supply. However, a recent study by Hollenbeak et al. (2011) found that neither wives nor husbands of cancer survivors reduce their weekly hours. Instead, they tend to work more hours per week than their peers whose spouses are without any cancer diagnosis, which is at odds with our findings [20] . There are several possible reasons for the differences. First, unlike the study of Hollenbeak et al. (2011) focusing on the effect of cancer survivors, we only focus on an aggregate measure that contains multiple types of chronic conditions. Although cancer is one of these conditions, the sample size for cancer survivors is too small to have the dominant effect in our study. In addition, compared to the effect of cancer, other types of chronic conditions may cause less or moderate economic costs through the loss of labour productivity or medical expenditure.
Furthermore, up to the end of 2011, universal health insurance coverage has been successfully achieved in China, where more than 95% of populations were insured [7] . As the expansion of insurance coverage, more people in ill health can get access to health services they need by removing financial barriers to healthcare. Therefore, a partner would have less incentive to engage in labour work to compensate for money spending on their chronic-diseased spouses' healthcare expenditure.
It is essential to consider a few potential limitations in the present study. One limitation is that, due to the data constraints, we only have two waves of CFPS data and we are not able to identify the parallel trend on the labour supply of the treatment and control group, which is a crucial assumption for DD analyses. If this specific assumption is violated, the estimates of the spousal spillover effects could be biased. Although we used weighted DD strategy to balance the treatment group and control group to meet the parallel trend assumption as far as possible, and the results are quite robust, researchers still should be cautious about making generalisations from our findings. Therefore, for future studies, using data spanning a more extended period on following CFPS or other feasible panel studies would be better to perform a more rigorous DD study on the effects of spousal chronic diseases on married couples' labour supply.
Second, the objective measures of spousal chronic diseases are not available in the CFPS data. We therefore used relevant self-reported indicators, which might have caused some attenuation biases in our estimated coefficients due to the response error in self-reported chronic conditions [41] . However, this may not be problematic in our study, since we control for a series of spousal health-related characteristics and also check the robustness of estimated results with risky health behaviours such as smoking and heavy drinking.
Finally, this study does not examine the heterogeneity among different types of spousal chronic diseases affecting their partners' labour supply. The reason is that when using a single dummy variable for a specific chronic disease such as cardiovascular diseases, cancer, chronic respiratory diseases or diabetes, the number of observations for each specific situation turns out to be so small that the sample size is not large enough for our regression analyses.
Conclusions
Using data from the China Family Panel Studies (CFPS), this study investigates the spillover effects of spousal chronic diseases on their wives or husbands' labour supply, which are measured by weekly hours of work and full-time work, respectively. The difference-in-difference (DD) method is employed to estimate the average treatment effect of affected spouses on the treated labour supply by constructing the treatment (chronic disease) and the control group. We also examine the heterogeneity by socioeconomic status, including education level, family asset, and non-labour income. Furthermore, robustness checks for the estimated results are implemented in several ways, such as propensity score weighted DD regression, restricting the sample to the age before mandatory retirement age, and adjusting controls.
The results, which are robust in different ways we have checked, show that individuals will reduce their own working hours in response to the spousal chronic diseases. The results indicate that spousal chronic diseases will cause a greater loss of intensive margin in labour productivity for national economic growth due to the adverse spillover effects on household labour supply. We also find heterogeneity among different SES characteristics. Specifically, wives or husbands in the treatment group from households with lower SES (i.e., low-level education, family asset, and non-labour income) work fewer hours per week after their spouses are diagnosed with chronic illness, but wives or husbands with high SES have no significant change in working hours. This result implies that households in a low level of SES will suffer more losses of labour productivity from the affected spouses while a higher SES could mitigate the detrimental impacts on labour supply reduction.
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